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Billings,  MT  59107 
(406)  248-9161 


Engineering 
and  Testing,  Inc. 


October  30,  1987 


State  of  Montana 
Department  of  State  Lands 
Abandoned  Mine  Reclamation  Bureau 
1625  11th  Avenue 
Helena,  Montana  59620 

Attention:  Mr.  Dick  Juntunen 

Subject:     Report  of  Investigation  Red  Lodge/Bearcreek 
Subsidence  Potential  Study 
Project  No.  87-3001. D 

Gentlemen: 


In     accordance     with    our    Professional    Services    Agreement  dated 


January  1,  1987  and  Work  Plan  dated  March  20,  1987  with  revisions  dated  May 
19,  1987  and  August  31,  1987  we  have  performed  a  subsidence  potential  study 
for  abandoned  coal  mines  in  the  Red  Lodge/Bearcreek  area  of  Montana.  The 
purpose  of  this  study  was  to  identify  locations  where  the  potential  for 
subsidence  can  be  considered  low,  medium  or  high.  We  understand  this 
information  will  be  utilized  by  the  Abandoned  Mine  Reclamation  Bureau  for 
determining  if  a  subsidence  insurance  program  is  desirable. 


The  study  primarily    focused    on    the    potential    for    subsidence  at 


presently  developed  locations  such  as  business  and  residential  areas  and 
public  roads.  The  potential  for  subsidence  at  adjoining  areas  which  are 
undeveloped  or  used  for  agricultural  purposes  was  considered  using  empirical 
relationships  rather  than  analytical  prediction  techniques. 


One    relatively    shallow    (less    than    100    feet     deep)     adit  was 


encountered  extending  under  Highway  308  between  Washoe  and  Bearcreek  near  the 
present  entrance  to  the  Red  Lodge  Coal  Company.  In  our  Work  Plan  Revision 
dated  August  31,  1987,  we  proposed  to  backfill  this  adit.  A  separate  report 
will  be  submitted  detailing  our  recommendations  for  backfilling.  No  other 
locations  of  relatively  shallow  workings  were  identified  beneath  presently 
developed  areas. 

The    analysis    we    performed    considered    the    following     modes  of 

subsidence: 


1)  Chimney  Subsidence 

2)  Roof  Collapse  (Beam  Theory) 

3)  Pillar  Crushing 

4)  Pillar  Punching 
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State  of  Montana  October  30,  1987 

Attn:    Mr.  Dick  Juntunen  Page  Two 

Helena,  Montana 


No  single  failure  mode  is  favored;  the  most  probable  mode  changes 
from  one  seam  or  location  to  another.  Our  analysis  indicates  at  most  locations 
the  critical  load  condition  for  modes  2,  3  and  4  occurred  while  the  mines  were 
in  operation,  because  mine  dewatering  caused  roofs  and  pillars  to  support 
saturated  overburden  while  under  present  conditions  most  areas  support  the 
buoyant  weight  of  overburden.  The  calculated  factor  of  safety  for  those 
failure  modes  is  estimated  to  have  increased  by  a  factor  of  about  \  J_ 
following  closure  and  aquifer  recharge  into  the  mines. 

The  subsidence  potential  beneath  presently  developed  areas  is 
generally  low.  Exceptions  to  this  generalization  are  identified  in  the  report. 

The  following  report  presents  the  investigations  and  analysis  in 
detail,  and  maps  in  the  Appendix  show  our  interpretation  of  subsidence 
potential s. 

We  sincerely  appreciate  the  opportunity  to  conduct  this  interesting 
and  challenging  study.  Should  you  have  any  questions  regarding  this  report 
please  contact  us  at  your  convenience. 


Respectfully  submitted, 


LGO/JMP/rmr 
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I.  INTRODUCTION 

The  objectives  of  our  work  scope  were  : 

1.  Develop  a  subsidence  potential  map  for  the  town  of  Red  Lodge 

2.  Prepare  plans  and  specifications  for  remedial  alternatives 
where  shallow  workings  extend  under  Highway  308. 

During  the  course  of  our  study  these  two  objectives  were  modified 
slightly  to  limit  remedial  alternatives  to  locations  where  workings  under 
Highway  308  are  shallow,  and  extended  the  subsidence  potential  study  area  to 
include  the  Bearcreek  area. 

The     Red     Lodge/Bearcreek    Project  is    located    in    south  central 

Montana.  Underground  mining  began  in  the    1880's  and    substantially    ceased  in 

the  1930's.  A  few  mines  continued  operating  until  the  1950's  when  virtually 
all  mining  ceased. 

Within  the  Red  Lodge  area  a  total  of  seven  seams  were  mined, 
resulting  in  multiple  extractions  beneath  much  of  the  area.  Detailed  mine 
maps  were  kept  and  are  now  the  property  of  Meridian  Minerals  Company. 

Within  the  Bearcreek  area  documentation  of  mine  locations  is  poorly 
defined.  Although  some  maps  exist,  ties  to  surface  reference  points  were 
generally  not  made.  Observation  of  the  available  maps  indicates  multiple  seam 
extractions  were  not  made. 

A  more  thorough  presentation  of  the  mining  history  was  presented  by 
others  (4)  in  a  previous  study.  Since  that  subject  was  not  part  of  our  work 
scope  it  is  not  repeated  in  this  report. 

II.  GENERAL  GEOLOGY 

The  geologic  profile  in  the  Red  Lodge  area  typically  consists  of 
coarse  grained  alluvium  overlying  the  Fort  Union  Formation.  The  thickness  of 
alluvium  is  variable,  ranging  from  a  few  feet  to  about  100  feet.  It  consists 
of  gravel,  sand,  cobbles  and  boulders.  A  somewhat  similar  profile  exists  in 
the  Bearcreek  area  except  the  materials  overlying  the  Fort  Union  Formation  are 
a  combination  of  colluvium  and  alluvium  and  are  predominately  fine  grained 
sand  and  clay. 

The  Fort  Union  Formation  consists  of  sequences  of  sandstone, 
claystone  and  coal  beds.  It  is  locally  tilted  such  that  it  dips  toward  the 
south  at  angles  between  16  to  19  degrees  near  Red  Lodge  and  at  less  than  5 
degrees  in  the  Bearcreek  area. 

The  average  thicknesses  and  distances  between  the  various  coal 
seams  were  obtained  from  cross  sections  belonging  to  Meridian  Minerals,  and 
are  as  follows: 
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Seam  No.    Average  Thickness,  ft.      Depth  to  Next  Seam,  ft. 


I   9  105 

1  1/2  5.5  65 

2  8  70 

3  10  118 

4  10  175 

5  8  30 

6  6  N/A 
Bearcreek  8.5  N/A 


Specific  conditions  at  each  boring  location  are  described  later  in 
this  report,  and  individual  boring  logs  are  presented  in  Appendix  A. 

III.  INVESTIGATIONS 

The  investigations  consisted  of  the  following  activities: 

■  Study    of    existing    mine    maps    and    observation    of  surficial 
conditions. 

■  Subsurface  explorations  utilizing  rotary  and  coring  techniques. 

■  Borehole  photography  where  practical. 

A  proposed  resistivity  survey  was  not  performed  after  we  determined  that 
workings  along  Highway  308  would  likely  be  deeper  than  could  be  reliably 
detected  by  that  method. 

A.  Map  and  Surfacial  Conditions  Study 

Maps  of  the  mines  were  borrowed  from  Meridian  Minerals.  The  maps 
show  that  room  and  pillar  extraction  methods  were  used.  It  also  appears  that 
pillars  were  robbed  from  some  areas,  probably  during  retreat.  Those  maps  were 
used  to  prepare  Drawing  Nos.  87-3001 . D- 1  through  4,  in  Appendix  A,  which  show 
the  depth  of  cover  and  cumulative  thickness  of  coal  mined  from  beneath 
specific  locations.  These  were  then  used  to  create  the  final  subsidence 
potential  maps  Drawing  Nos.  87-3001. D-5  &  6,  showing  the  ratio  of  depth  of 
cover  to  mined  thickness.  Empirical  correlations  have  been  developed  (7) 
which  utilize  that  ratio  to  approximate  the  subsidence  potential.  A 
preliminary  subsidence  potential  map  was  prepared  to  help  target  general 
locations  for  detailed  subsurface  explorations.  Maps  of  individual  seams  were 
then  studied  to  select  specific  hole  locations.  Our  intent  was  to  intersect 
rooms  or  adits,  and  where  multiple  seams  were  mined,  to  intersect  rooms  in 
more  than  one  seam.  From  mine  floor  elevations  shown  on  the  maps,  three  cross 
sections  were  constructed  showing  the  orientations  of  mined  areas  with  respect 
to  one  another  and  to  the  ground  surface.  These  are  presented  on  Drawing  No. 
87-3001. D-7. 

B.  Subsurface  Explorations 

The  following  seven  locations  were  ultimately  selected  for 
subsurface  explorations: 
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■  Red  Lodge  Airport 

■  Highway  308  just  east  of  Red  Lodge 

■  Red  Lodge  -  14th  Street  between  Hauser  and  Main 

■  Washoe  Adit  under  Highway  308 

■  Washoe  Mine  adjacent  to  Highway  308 

■  Smith  Mine  No.  2  Adit  under  Highway  308 

■  Smith  Mine  No.  2  Unmapped  Adit  under  Highway  308 

Locations  of  these  borings  are  shown  on  the  drawings  in  Appendix  A. 
Drilling  was  performed  by  Rock  Creek  Drilling  under  the  supervision  of  our 
personnel.  The  following  paragraphs  summarize  the  conditions  encountered  at 
each  location.    Logs  of  the  borings  are  presented  in  Appendix  A. 

After  drilling  was  complete  a  video  tape  was  made  of  the  boreholes, 
where  practical.  The  photography  met  with  varying  degrees  of  success.  Two 
factors  limited  camera  use;  1)  water  turbidity  and  2)  an  underwater  depth 
limitation  of  100  feet. 

Red  Lodge  Area 

At  the  airport,  DH-1  intersected  both  the  No.  1  1/2  and  No.  2 
Seams.  While  approaching  the  No.  1  1/2  Seam  evidence  of  roof  strain  and 
possible  collapse  began  to  appear  below  117.5  feet  and  continued  down  to  the 
coal  at  129  feet.  The  No.  1  1/2  Seam  is  between  129  and  134  feet;  it  is 
highly  fractured.  We  interpret  the  zone  between  117.5  to  129  to  be  fractures 
opened  by  roof  collapse.  The  entire  thickness  of  the  coal  was  present,  as 
shown  by  the  video  tape.  This  indicates  a  pillar  rather  than  a  room  was 
intersected. 

The  hole  continued  down  to  the  No.  2  Seam  near  204  feet.  The  rate 
of  drill  penetration  increased  below  200,  feet  but  the  video  tape  does  not 
show  a  change  in  the  rock.  A  definite  void  is  present  between  204  and  209 
feet;  then  about  seven  feet  of  soft  broken  material  is  present  before  the  mine 
floor  is  encountered.  The  camera  could  not  progress  deeper  than  209  feet  due 
to  the  broken  rock.  The  rubble  is  interpreted  to  be  roof  fall  material.  The 
No.  2  Seam  averages  eight  feet  thick  so  it  appears  roof  collapse  has 
progressed  only  about  four  feet  above  the  original  roof.  The  increased  rate 
of  drill  penetration  below  200  feet  might  indicate  a  weakening  of  the  rock, 
but  it  could  not  be  detected  by  the  camera. 

On  the  east  bench  DH-2  was  drilled  in  an  area  where  mine  maps  show 
the  No.  1  1/2  Seam  was  extensively  robbed  of  pillars.  This  location  was 
selected  for  the  purpose  of  determining  how  far  upward  roof  collapse  might 
extend,  for  comparison  with  empirical  correlations.  Our  depth  of  cover  map 
predicted  the  floor  to  be  close  to  350  feet.  Continuous  coring  began  at  310 
feet  and  continued  to  360  feet.  Evidence  of  roof  strain  and  collapse  was 
noted  in  the  core  beginning  about  326  feet,  where  open  joints  began  to  appear. 
Some  loss  of  circulation  was  encountered  but  no  distinct  voids  detected. 
Recovery  was  good  and  RQD  was  high  throughout  the  cored  interval.  Only  a  two 
or  three  foot  interval  near  345  feet  produced  highly  broken  rock.  This 
suggests  total  convergence  of  roof  and  floor  has  occurred  at  this  location.  A 
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thin  layer  of  coal  and  partial  circulation  loss  near  358  feet  is  interpreted 
to  be  the  mine  floor.  The  hole  was  continued  down  to  370  feet  with  a  tricone 
rotary  bit  with  no  additional  evidence  of  collapse  or  open  joints  noted  below 
360  feet.  Turbidity  and  the  camera's  depth  limitation  limited  photography  to 
a  depth  of  only  175  feet.  Within  that  depth  no  evidence. of  subsidence  was 
noted  although  several  fractured  and  eroded  zones  are  evident. 

On  14th  Street,  DH-3  encountered  a  pillar  in  the  No.  4  Seam  between 
about  228  and  237  feet.  The  core  from  that  interval  consists  of  highly 
fractured  coal.  The  fracturing  was  so  extensive  that  laboratory  strength 
tests  were  not  possible.  Core  recovery  above  the  coal  was  good;  about  95 
percent  with  an  RQD  of  85  percent,  indicating  the  roof  to  be  relatively  intact. 

The  boring  was  continued  down  to  intersect  the  No.  5  Seam  near  435 
feet.  A  distinct  void  was  not  encountered,  but  roof  strain  was  evident  in  the 
core  below  425  feet.  Absence  of  coal  in  the  core  verifies  that  a  former  room 
was  intersected.  Since  neither  a  distinct  void  nor  a  significant  thickness  of 
rubble  was  detected,  we  believe  there  has  been  roof-floor  convergence, 
probably  due  to  pillar  crushing  or  punching.  The  roof  strain  noted  in  the 
core  suggests  pillar  crushing  or  punching  has  caused  the  roof  to  sag. 
Borehole  photography  was  not  performed  due  to  the  camera's  underwater  depth 
1 imi  tati  on . 

Washoe  and  Smith  Mines 

A  total  of  four  borings  were  originally  planned  at  these  two 
sites.  Two  borings  (DH-5  and  6)  were  made  at  the  Washoe  Mine  near  the 
locations  proposed  in  our  Field  Investigation  Plan  dated  May  19,1987.  The 
holes  extended  to  depths  of  about  250  and  265  feet.  DH-5  attempted  to 
intersect  the  sloped  entry  but  missed  and  DH-6  intersected  a  pillar.  In  both 
borings  about  eight  feet  of  coal  was  encountered  very  close  to  the  depths 
predicted  by  our  depth  of  cover  map.  Based  upon  projections  of  mine  map 
elevations  the  Washoe  sloped  entry  should  be  about  200  feet  below  Highway  308. 
Neither  boring  encountered  any  evidence  to  suggest  subsidence. 

At  the  Smith  Mine,  two  borings  (DH-7  and  8)  were  planned  to 
intersect  adits  under  Highway  308.  West  of  the  present  Red  Lodge  Coal  Company 
entrance  two  sags  are  evident  in  the  pavement  surface  and  correspond  to  mapped 
adit  locations.  At  this  location  three  holes  (DH-7,7A  and  7B)  were  drilled 
attempting  to  intersect  an  adit.  All  three  borings  encountered  a  similar 
profile  which  we  interpret  to  be  fill  to  about  16  feet,  then  coal  and 
bedrock.  It  appears  the  adits  were  exposed  and  backfilled  during  highway 
construction.  The  sags  most  likely  represent  differential  settlement  between 
the  fill  and  natural  materials. 

East  of  the  Red  Lodge  Coal  Company  entrance  an  adit  not  shown  on 
the  mine  maps  exists;  it  is  shown  on  the  Montana  Highway  Department 
construction  drawings  where  it  is  identified  as  a  mine  shaft.  Two  drill  holes 
(DH-8  and  9)  were  required  to  intersect  this  adit.  The  roof  is  at  a  depth  of 
57.8  feet  and  a  void  about  9  feet  high  is  present.  About  seven  feet  of  well 
cemented  sandstone  forms  the  roof.  Photography  of  this  hole  showed  no  evidence 
of  roof  strain  nor  was  rubble  observed  on  the  floor.  Turbidity  limited  sight 
distance  to  about  one  foot  so  no  attempt  was  made  to  view  in  a  horizontal 
direction. 
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Laboratory  Testing 


Approximately  93  percent  of  the  154  feet  of  rock  cored  was 
recovered.  The  following  laboratory  testing  program  was  preformed  to  obtain 
representative  material  properties  for  analytical  analysis. 


Drill 

Hole 

No. 


Sampl e 
Depth, 
ft. 


Unconf ined 
Compression 


Spl itting 
Tensile 
Strength 


Unit  Weight 
and  Moisture 
Content 


1 

123 

.0  - 

124.0 

X 

X 

1 

135 

.0  - 

136.0 

X 

X 

1 
1 

TiF. 

.  u  - 

y 

A 

v 

A 

2 

311 

.2  - 

312.0 

X 

2 

317 

.0  - 

317.8 

X 

2 

333 

.4  - 

334.1 

X 

2 

344 

.8  - 

345.5 

X 

2 

352 

.5  - 

353.3 

X 

3 

212 

.0  - 

213.0 

X 

X 

3 

213 

.0  - 

214.0 

X 

X 

3 

225. 

.4  - 

226.3 

X 

X 

3 

227. 

.6  - 

228.3 

X 

X 

3 

414. 

.0  - 

414.7 

X 

X 

3 

414. 

.7  - 

415.1 

X 

X 

3 

441. 

.2  - 

442.0 

X 

X 

N/A 

Coal 

X 

X 

N/A 

Coal 

X 

X 

Totals: 

8 

4 

17 

None  of  the  coal  recovered  from  the  drill  holes  produced  samples  of 
sufficient  size  for  laboratory  strength  tests.  Several  pieces  of  coal  were 
provided  by  the  Red  Lodge  Coal  Company,  which  we  understand  originated  from 
the  Smith  No.  2  Seam.  From  these  we  were  successful  in  cutting  two  cubes  for 
compressive  strength  tests. 

Although  ASTM  D2938  does  not  require  recording  axial  deformation 
for  unconfined  compression  of  rock  cores,  we  recorded  that  information  so  that 
an  approximation  of  the  elastic  modulus  could  be  calculated.  Plots  of  these 
tests  are  shown  on  Plates  1  through  6  in  Appendix  A.  The  table  on  page  6 
summarizes  all  of  the  test  results. 


IV. 


ANALYSIS 


Having  reviewed  relevant  literature  and  in  consideration  of  the 
subsurface  conditions  encountered,  we  selected  the  following  methods  for 
analyzing  the  various  failure  modes: 
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Failure  Mode  Method  and  Source  

Chimney  Subsidence  Empirical:  Karfakis;  Subsidence  over 

Abandoned  Coal  Mines 

Roof  Collapse  Analytical:  Wright;  Roof  Control 

Through  Beam  Action  and 
Arching 

Pillar  Crushing  Analytical:  Bieniawski;  Rock  Mechanics 

Design  in  Mining  and  Tunneling 

Pillar  Punching  Analytical:  Rockaway  and  Stephenson; 

Support  of  Coal  Pillars 


Based  on  a  series  of  assumed  mine  room  failures,  the  predicted 
geometry  of  "trough"  shaped  subsidence  features  was  estimated  using  methods 
presented  by  Peng;  Coal  Mine  Ground  Control.  That  calculation  was  developed 
for  use  in  longwall  rather  than  room  and  pillar  extractions,  but  it  is 
considered  a  reasonable  approximation  for  complete  roof-floor  convergence 
from  any  failure  mode  which  does  not  create  significant  bulking. 

The  geometry  of  this  coal  field  includes  two  aspects  not  normally 
considered  in  most  analytical  models:  1)  multiple  seam  extractions  and  2) 
inclined  beds.  The  following  discussions  of  the  various  failure  modes  include 
a  description  of  how  we  considered  those  two  geometric  aspects. 

In  the  interest  of  brevity,  the  results  of  our  observations  and 
analysis  are  summarized  first,  followed  by  detailed  discussions.  The  summary 
statements  apply  equally  for  the  Red  Lodge  and  Bearcreek  areas. 


Failure  Mode 


Summary  of  Analysis 


1.    Chimney  Subsidence 


Appears  to  be  the  mode  responsible  for  previous 
subsidence  features. 

Only  the  Bill  Palmer  property  east  of  Red 
Lodge,  a  small  area  west  of  the  end  of  10th 
Street,  and  two  small  areas  in  the  Bearcreek 
area  are  considered  to  have  a  high  potential 
for  future  chimney  subsidence. 


2.    Roof  Collapse 


Evidence    of    roof    strain    observed  in  the  drill 
holes  is  limited  to  within  20    feet    or    less  of 
the  predicted  mine  roof  elevations. 
Calculations    indicate    the  potential  for  massive 
roof  collapse  to  be  low. 

Using  the  beam  analysis,  the  roof  of  Seam  No.  5 
is  calculated  to  fail  about  15  feet  above  the 
mine  roof,  where  a  competent  layer  capable  of 
bridging  the  span  was  encountered.  The  other 
seams  were  predicted  to  have  very  little  roof 
fai 1 ure. 
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d.  For  most  of  the  seams,  the  critical  load  condition  for  roof 
collapse,  pillar  crushing  and  pillar  punching  was  during 
mining  because  subsequent  mine  flooding  has  reduced  overburden 
pressures  from  saturated  to  buoyant  conditions. 

3.  Pillar  Crushing     a.     Calculations     indicate     that       beneath  presently 

developed  areas  future  pillar  crushing  is  not 
1 ikely. 

b.  Mines  extended  deeper  than  calculations  predict 
pillars  should  have  supported;  indicating  the  coal 
might  be  stronger  than  tests  indicate. 


4.  Pillar  Punching     a.      Pillars  are  not  predicted  to  punch  more    than    one  or 

two  feet,  due  to  underlying  competent  material, 
b.     A    short    punch    distance    could    initiate  the  limited 
roof  collapse  observed  in  the  borings. 


A.      Chimney  Subsidence 


Chimney  subsidence  is  one  form  of  roof  collapse.  It  is  a 
progressive  upward  movement  of  a  void.  This  failure  mode  is  favored  where 
rock  units  are  thinly  bedded.  The  thin  beds  constitute  thin  beams  spanning 
across  a  void.    The  collapse  of  one  reduces  support  for  the  one  above  it. 

Figure  1  on  page  9  shows  the  three  outcomes  of  chimney  subsidence; 
it  can  be  arrested  by  a  competent  layer,  by  bulking  or  form  a  sinkhole  at  the 
surface.  For  this  analysis  it  is  assumed  that  caving  will  not  be  arrested  by 
a  competent  layer;  that  is  considered  in  the  roof  collapse  discussion.  As 
illustrated  in  Figure  1  the  collapsed  material  contains  voids  and  therefore 
occupies  a  greater  volume  than  the  intact  material.  Given  a  sufficient 
overburden  thickness  this  bulking  can  effectively  fill  the  void.  Figure  2 
presents  heights  of  caving  ratios  for  various  void  geometries  and  bulking 
factors.  A  bulking  factor  in  the  range  of  0.2  has  been  inferred  as  an  average 
value  for  western  coal  fields  from  observations  by  others(2  &  3).  Using  that 
value  the  maximum  height  of  collapse  for  this  mode  is  in  the  range  of  5  to  15 
times  the  mined  seam  thickness,  for  horizontal  seams.  For  the  case  of  a 
dipping  seam  it  is  possible  for  conical  and  elliptical  chimneys  to  progress 
farther.  Those  two  geometries  involve  limited  areas  rather  than  entire 
rooms.  As  a  result  a  sloping  floor  allows  material  to  initially  roll  away 
from  the  collapse  location,  so  a  larger  area  of  the  room  fills  with  collapsed 
material  before  bulking  can  begin  to  fill  the  immediate  chimney  location.  The 
additional  volume  of  material  cannot  be  easily  quantified  because  it  is  a 
function  of  several  variables  including  horizontal  dimensions  of  the  chimney, 
floor  inclination,  and  location  within  the  room.  For  the  worst  case 
conditions  our  calculation  indicates  the  volume  of  additional  material  flowing 
out  into  an  inclined  room  can  be  about  twice  that  for  a  horizontal  room. 
Consequently,  for  worst  case  conditions,  it  is  possible  for  conical  and 
elliptical  chimneys  having  small  horizontal  dimensions  to  progress  nearly 
twice  as  far  as  indicated  by  Figure  2.  However,  small  chimneys  are  more  prone 
to  being  arrested  by  a  more  competent  layer  and  therefore  rarely  reach  the 
surface. 
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Figure  1a    Caving  Arrested  by  a  Competent  Stratum 


Figure  lb   Arrested  by  Bulking  of  Roof  Debris 


Figure  1c   Formation  of  a  Sinkhole  at  the  Surface 


Figure  1   Chimney  Subsidence  Development 
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DH-2  was  intentionally  located  where  maps  show  extensive  pillar 
robbing.  For  that  area,  we  would  expect  the  prism  geometry  of  chimney 
subsidence  to  most  accurately  represent  the  height  for  collapse  to  progress. 
From  the  condition  of  the  core  and  projected  mine  roof  elevation,  it  appears 
the  height  of  collapse  was  limited  to  20  feet  or  less.  Based  on  an  average 
seam  thickness  of  5.5  feet,  Figure  2.  suggests  a  bulking  factor  in  the  range 
of  0.3  for  that  area. 

In  consideration  of  the  conditions  encountered  in  DH-2  and  other 
borings,  along  with  the  special  circumstances  that  could  allow  conical  and 
elliptical  chimneys  to  propagate  farther  than  indicated  by  Figure  2,  we 
selected  the  following  criteria  to  assign  subsidence  potential: 


Overburden  to  Mined 

Thickness  Ratio  Subsidence  Potential 
10:1  or  less  High 
10:1  to  20:1  Moderate 
Greater  than  20:1  Low 


To  consider  the  influence  of  multiple  seams,  one  begins  with  an 
assumed  chimney  in  the  deepest  seam.  If  the  distance  from  that  seam  up  to  the 
next  is  greater  than  the  predicted  collapse  height,  then  that  lowest  seam  can 
be  removed  from  further  consideration.  If  the  contrary  is  true  the  upward 
progression  can  continue.  Iterations  continue  using  the  summation  of  mined 
thicknesses  and  separations  between  seams.  Using  the  cross  sections  shown  on 
Drawing  No.  87-3001. D-7  the  following  conclusion  can  be  made  regarding 
multiple  seam  chimney  subsidence.  The  only  locations  where  the  potential  for 
future  chimney  subsidence  is  considered  high  are  on  the  Bill  Palmer  property 
east  of  Red  Lodge,  a  small  area  west  of  the  end  of  10th  Street  in  Red  Lodge, 
and  where  adits  are  shallow  in  the  Bearcreek  area.  Those  areas  are  shown  on 
the  subsidence  potential  map  as  having  a  high  potential  for  future 
subsidence.  Two  small  areas  within  the  town  and  part  of  the  runway  classify 
as  having  a  moderate  subsidence  potential.  A  reduction  of  the  Red  Lodge 
Subsidence  Potential  map  is  presented  on  page  12. 

B.      Roof  Collapse 

The  mechanism  of  mine  roof  collapse  is  simply  a  large  scale  version 
of  chimney  subsidence.  The  concept  of  the  theory  is  illustrated  in  Figure  3. 
The  rock  layers  above  the  mine  are  analyzed  as  a  series  of  beams.  Beam 
thickness  is  dependent  upon  thickness  of  major  rock  types  or  bedding  or 
discontinunity  characteristics.  Each  beam  is  assigned  a  unit  weight,  tensile 
strength  and  elastic  modulus.  Initally  calculations  are  made  to  estimate  the 
deflection  of  each  beam  for  determining  if  beams  act  independently  or  as 
composites.  In  a  system  of  several  beams  both  independent  and  composite  beams 
can  exist  in  the  profile.  A  sample  calculation  is  presented  in  Appendix  B 
along  with  results  of  specific  cases  analyzed.  Profiles  at  specific  hole 
locations  were  modeled  using  three  or  four  beams.  The  first  beam  consisted  of 
the  alluvium,  having  weight  but  contributing  no  strength.  Subsequent  beam 
dimensions  and  material  properties  were  selected  based  upon  the  log  of  each 
hole  and  laboratory  test  results.  The  idealized  profiles  and  material 
properties  analyzed  are  presented  in  Figure  4. 
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Figure  3  Deflection  of  the  Roof  Beams, Bed 
Separation,  and  Roof  Stress  Variation. 


-13- 


W- — -  E 

91' 

■  

Alluvium,  Gravel 

Ym  =  145  pcf 

10' 

'  

Clay 

Ym  =  105  pcf 

7" 

Sandstone 

tfm=  150  pcf    E  = 

4  xl05psi 

Q,  =  350  psi 

4 

18' 

<-V  

Claystone 

Tsub^  93  pcf    E  = 

4xl05psi 

0,  =  350  psi 

S.5\ 

■T    Room  SSHBI 

WMZ     No.  1  1/2  Seam 

108' 

Claystone  8 
Sandstone 

I  sub  -  oo  pet 
E  --  4xl05psi 
Q,  =  350  psi 

10' 

Sandstone 

fsub  =  33  ocf  E  = 

5 

4x10  psi 

0,  =  350  psi 

8'  ' 

Jj)    Room  2»Xb*» 

BH__     No.  2  Seam 

Not 

to  Scale 

4a.   DH-I,  No.  1-1/2  8  No.  2  Seams 


W 


:08' 

104' 
14' 

lb- 

182' 

iO' 

15' 
8' 


'    If  777Z 

i0U- 


Alluvium,  Gravel 


iSNub  -  83  pcf 


Sandstone  8  Claystone         3?ub  =  87  pcf    E  -  4x10  psi     Ot  -  350  psi 

5 


Claystone 


Room 


Sandstone  8  Claystone 


tfmb  -  90  pcf    E  =7x10  psi     o,  =  680  psi 

"Jfsub  =  83  pcf 
E  =  4x10  psi 
Ot  =  350  psi 


Sandstone 


tfsub  =  93  pcf     E  =  4x10  psi     Q,  =  270  psi 

Sandstone  8  Claystone        tfsub  -.  93  pcf    E  =  2xl05psi      Q\  -  150  psi 

No.  5  Seam 


Room 


Not  to  Scale 


4b.   DH-3,  No.  4  8  No.  5  Seams 


Figure  4  -  Profiles  for  Roof  Collapse  Analysis 
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After  an  initial  calculation  was  made  the  input  variables  were 
modified  to  check  the  analysis  for  sensitivity  to  variations  in  material 
properties,  mine  room  widths  and  beam  thickness.  From  this  exercise  we 
determined  the  following: 

■  The    calculated    safety    factor    is    inversely    proportional  to 
changes  in  unit  weights. 

■  The     calculated    safety    factor    is    directly    proportional  to 
changes  in  beam  thickness,  tensile  strength  and  modulus. 

■  Variations  in  room  width    have    an    inverse    exponential  (l/x^) 
effect  on  the  calculated  safety  factor. 

The  unit  weight  of  materials  will  vary  dramatically  depending  upon 
groundwater  levels  and  assumptions  made  regarding  hydrostatic  conditions. 
During  mining  the  rooms  were  dewatered  so  the  saturated  unit  weight  of 
overburden  was  supported.  After  the  mines  were  closed,  those  portions  which 
are  flooded  now  support  the  buoyant  unit  weight  of  submerged  overburden.  This 
change  in  unit  weights  generally  increases  the  calculated  safety  factor  by  a 
factor  of  about  1.7. 

The  condition  of  dipping  seams  was  determined  to  have  little 
influence  on  the  calculated  safety  factors.  To  analyze  the  condition  of 
multiple  extractions,  only  the  rock  units  between  the  openings  were  considered 
in  the  beam  strength. 

In  order  to  analyze  a  variety  of  conditions,  we  developed  a 
spreadsheet  computer  program  for  roof  beam  analysis.  The  computer  program 
used  does  not  distinguish  between  individual  and  composite  beam  theories,  it 
calculates  both.  In  reviewing  the  computer  generated  results  in  Appendix  B, 
the  lowest  of  the  two  safety  factors  listed  will  represent  the  applicable 
theory. 

In  this  analysis  failure  of  all  beams  must  occur  before  subsidence 
is  expressed  on  the  surface. 

A  determination  of  the  minimum  beam  thickness  required  to  span 
across  rooms  was  made  using  a  calculated  safety  factor  of  1.5  as  the  limiting 
value.  The  value  of  1.5  was  selected  as  it  allows  a  reasonable  variation  in 
material  properties,  and  we  believe  those  assigned  to  be  slightly 
conservative.  The  following  table  presents  the  minimum  lower  beam  thickness 
to  provide  a  calculated  safety  factor  greater  than  1.5  for  each  of  the  cases 
illustrated  in  Figure  4. 

Seam  No.  Beam  Thickness,  ft.  Safety  Factor 

1  1/2  1  1.7 

2  1  1.9 

4  0.5  1.7 

5  1.5*  2.0 

*  Note:    The    lower    beam,    15  feet  thick,  was  shown  to  fail.  This 
thickness  is  in  the  second  beam  above  the  mined  seam. 
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This  table  shows  that  massive  roof  collapse  is  not  likely  if  bedding  planes  or 
discontinunities  are  farther  apart  than  the  minimum  beam  thickness.  Our 
observations  of  the  core  indicates  bedding  planes  and  discontinunities  are 
generally  greater  than  1  to  1.5  feet  apart.  As  a  result  we  would  not  predict 
massive  roof  collapse  to  be  a  common  failure  mode.  The  only  analyzed  location 
where  the  calculation  predicted  roof  collapse  was  within  the  first  15  feet 
above  the  No.  5  Seam.  That  prediction  appears  to  be  reasonably  consistent 
with  conditions  encountered  in  the  borings. 

C.      Pillar  Crushing 

Pillars  crush  when  the  overburden  pressure  exceeds  the  strength  of 
the  pillars.  Once  a  pillar  fails  the  overburden  load  it  carried  is  either 
transferred  to  adjacent  pillars,  which  may  in  turn  fail,  or  the  roof  collapse 
mode  of  failure  might  occur.  Figure  5  illustrates  the  concept  of  tributary 
areas  for  calculating  loads  supported  by  pillars. 

As  noted  earlier,  the  coal  strength  has  been  estimated  using  cubes 
cut  from  samples  originating  from  the  Smith  No.  2  Seam.  Sample  calculations 
and  computer  generated  results  for  this  mode  are  presented  in  Appendix  B.  The 
analysis  included  correction  factors  for  the  size  of  cubes  and  pillar  height 
to  width  ratios.  The  calculation  is  most  sensitive  to  overburden  pressure  and 
strength  of  the  coal.  As  stated  previously  we  believe  the  critical  load 
condition  occurred  during  mining  when  rooms  were  dewatered.  The  flooded 
condition  generally  reduces  the  overburden  pressure  and  thus  increases  the 
safety  factor  by  a  factor  of  about  1.7. 

The  condition  of  dipping  beds  creates  changing  overburden  pressures 
along  the  length  of  rooms.  For  simplicity  we  used  the  average  overburden 
pressure  throughout  each  area  analyzed.  It  is  not  known  how  the  dipping  beds 
influence  the  state  of  stress  within  pillars.  It  can  be  argued  that  a  portion 
of  the  overburden  load  is  transmitted  through  pillars  in  shear  rather  than 
purely  compression.  Considering  that  the  long  dimension  of  pillars  is 
generally  in  the  direction  of  dip  and  the  length  to  height  ratio  is  usually 
greater  than  5  to  10,  we  believe  the  influence  of  these  dip  angles  is 
negl  igible. 

The  rock  profiles  analyzed  were  typical  of  DH-1  and  3.  Room  and 
pillar  configurations  were  selected  which  appeared  representative.  The 
calculations  generally  yield  safety  factors  in  the  range  of  2  to  3  for  the 
submerged  condition.  Predictably  safety  factors  will  decrease  down  dip,  and 
in  deeper  seams.  For  the  dewatered  condition  which  existed  during  mining, 
pillar  failures  are  often  predicted.  It  is  possible  the  laboratory  tests 
under  estimate  the  coal  strength  in  those  seams,  or  stress  redistributions 
(temporary  arching)  influenced  performance  during  mining.  Observation  of  the 
mine  maps  do  not  normally  show  pillar  sizes  increasing  at  greater  depths.  The 
following  table  presents  the  approximate  depths  below  which  we  would  predict 
pillar  crushing  to  occur  for  the  submerged  condition. 
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5a.    Cross  Section  of  Loaded  Pillars 


-  —  Robbed  pillar 


5b.    Plan  View  of  Typical  Pillar  Configurations 

Figure  5   Pillar  Crushing  Failure  Mode 
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Seam  No. 


Approximate  Crushing  Depth,  ft. 


2 
4 
5 


1-1/2 


700 
700 
350 
800 


Comparing  these  depth  estimates  with  the  cross  sections  on  Drawing 
No.  87-3001. D-7,  the  following  observations  are  made: 

■  On  the  east  bench  cross  section  all  mines  extend  significantly 
deeper  than  our  calculations  would  predict  possible. 

■  On  the  Main  Street  cross  section,  the  mines  generally  stop 
near  the  depths  we  predict  can  be  supported  for  the  submerged 
case. 

■  On  the  airport  cross  section,  the  No.  1-1.2  and  No.  4  seams 
extend  below  the  depths  our  calculations  predict  possible. 

From  these  observations  the  following  conclusions  are  made: 

1.  Either  the  coal  has  greater  strength  than  predicted  by 
laboratory  tests,  or  pillars  in  these  deeper  sections  have 
been  crushed. 

2.  Since  the  mines  have  been  inactive  for  at  least  50  years  and 
flooding  has  reduced  overburden  pressures  to  buoyant 
conditions,  future  pillar  crushing  is  unlikely. 

D.      Pillar  Punching 

Analysis  methods  for  pillar  punching  have  been  developed  (8  and  9) 
which  are  considered  reasonably  accurate.  Based  upon  conditions  of  materials 
encountered  in  the  borings  however,  we  do  not  consider  a  calculation  for 
pillar  punching  necessary  for  the  following  reasons. 


■  The  thickness  of  soft  underclay  encountered  in  the  core  was 
thin,  typically  about  one  foot  or  less. 

■  Floor  materials  beneath  the  underclay  are  very  competent  such 
that  pillars  would  obviously  crush  before  the  floor  would 
yield. 

■  The  consistency  of  the  underclay  is  so  soft  that  it  was  so 
badly  disturbed  by  coring  that  samples  for  strength  tests 
could  not  be  obtained.  It  is  the  weakest  material  encountered. 

From    these    observations    we    conclude    that    pillars    have  probably 


already  punched  some  distance,  but  the  underlying  competent  materials 
prevented  punching  of  more  than  a  few  feet.  We  perceive  this  limited  depth  of 
punching  as  being  the  potential  catalyst  to  initiating  the  limited  roof  strain 
and  collapse.  As  pillars  move  down  roof  support  decreases,  and  in  effect 
increases  the  distance  roof  beams  must  span. 
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E.      Trough  Subsidence  Geometries 

These  calculations  were  performed  utilizing  methods  presented  and 
referenced  by  Peng  (6).  The  technique  was  developed  for  use  in  British 
longwall  mines  and  is  generally  considered  to  over  estimate  subsidence  in  U.S. 
mines,  especially  room  and  pillar  mines.  It  does  allow  some  modification  to 
trough  geometry  due  to  dipping  beds.  This  is  purely  a  graphical  method  which 
ignores  material  strength  properties  except  for  their  influence  on  the  angle 
of  draw. 

Figures  6,  7,  8  and  9  present  typical  trough  geometries  for  the 
following  cases. 

■  No.  1  1/2  Seam  for  subsidence  of  a  single  room. 

■  No.  4  Seam  for  subsidence  of  two  adjacent  rooms  if  pillar  is 
robbed. 

■  No.  4  Seam  for  subsidence  of  numerous  adjoining  rooms  to 
simulate  mass  pillar  robbing. 

■  No.  4  and  5  Seams  for  subsidence  of  two  overlying  areas  of 
mass  pillar  robbing. 

The  last  case  of  two  overlying  areas  is  not  presented  in  the 
literature.  Our  analysis  was  to  predict  the  trough  geometry  for  subsidence  of 
each  area  and  then  use  superposition  to  construct  the  final  geometry. 

Figures  6  through  9  suggest  that  surface  subsidence  from  a  single 
room  might  only  be  in  the  range  of  a  few  inches,  while  multiple  room  and 
multiple  seam  subsidence  is  predicted  to  result  in  much  greater  surface 
subsidence.  These  figures  are  presented  only  for  informational  purposes.  We 
are  not  aware  of  any  previous  subsidence  features  which  can  be  represented  by 
these  constructions.  Furthermore  the  condition  of  mine  roofs  and  rooms 
observed  in  the  borings  present  no  indication  which  would  lead  us  to  believe 
the  figures  represent  potential  future  surface  subsidence.  All  indications 
suggest  that  bulking  is  preventing  mine  room  failures  from  being  expressed  on 
the  surface,  except  where  chimneys  have  developed  in  high  potential  areas. 

V.  SUMMARY  AND  CLOSING 

Through  the  process  of  reviewing  mine  maps,  strategic  location  of 
exploration  borings,  observing  subsidence  features  and  performing  calculations 
using  representative  material  properties  we  believe  the  following  summary 
statements  can  be  made. 

1.  Evidence  of  rock  strain  is  generally  limited  to  less  than  20 
feet  above  predicted  mine  roofs. 

2.  The  perceived  failure  mode  consists  of  a  limited  distance  of 
pillar  punching  followed  by  some  roof  collapse  which  has 
probably  stabilized. 

3.  Because  most  of  the  mines  are  now  flooded,  present  day 
conditions  are  generally  less  conducive  to  subsidence  than 
existed  during  or  shortly  after  the  mines  were  operating. 
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4.  The  potential  for  future  subsidence  is  considered  high  only 
on  the  Bill  Palmer  property  east  of  Red  Lodge,  near  the  west 
end  of  10th  Street,  and  above  shallow  adits  in  the  Bearcreek 
area.  It  is  predicted  to  consist  of  chimney  subsidences 
similar  to  previous  occurrences. 

5.  Two  small  areas  within  the  town  and  part  of  the  runway 
classify  as  having  a  moderate  potential.  The  Red  Lodge 
Subsidence  Potential  map  is  presented  on  page  12. 

In  making  the  above  statements  we  concede  the  fact  that  the  mines 
cover  an  extensive  area  and  our  subsurface  explorations  are  very  limited  in 
relation  to  the  mined  area.  It  is  therefore  possible  that  conditions  different 
than  those  encountered  exist  and  might  produce  future  subsidence.  However,  in 
view  of  the  information  contained  in  this  report  and  the  historical 
development  of  subsidence  in  other  western  coal  fields  we  believe  the 
potential  for  future  surface  expression  of  mine  subsidence  beneath  presently 
developed  areas  is  generally  low. 
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APPENDIX  A 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH-1 
DEPTH  135.0'-136.0' 
SAMPLE  NO. 


MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT. 
CLASSIFICATION  : 
HEIGHT  TO  DIAMETER 


153  pcf. 
146  pcf. 

4  % 
Sandstone 
RATIO:  2.06 


RATE  OF  STRAIN:  0.08%/inin. 
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JOB  NO.    87-3001. DPLATE  NO.  i 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH-1 
DEPTH  136.0'-137.0* 
SAMPLE  NO. 


MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT 
CLASSIFICATION  : 


153  pcf. 
147  pcf. 

4  % 
Sands  tone 


HEIGHT  TO  DIAMETER  RATIO:  2.05 
RATE  OF  STRAIN:0.10%/min. 
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VERTICAL  STRAIN,  PERCENT 


RED  LODGE/BEARCREEK  SUBSIDENCE  STUDY 
RED  LODGE,  MONTANA 


STATE  OF  MONTANA  DEPARTMENT  OF  STATE  LANDS 
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JOB  NO.     87-3001. DPLATE  NO. 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH-3 
DEPTH  212.0'-213. 
SAMPLE  NO. 


0' 


MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT. 
CLASSIFICATION  : 


155  pcf. 
152  pcf. 

2  % 
Claystone 


HEIGHT  TO  DIAMETER  RATIO:  2.05 
RATE  OF  STRAIN:  0.09%/min. 
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JOB  NO. 87-3001. D    PLATE  NO.  3 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH-4 
DEPTH  225.4'-226. 
SAMPLE  NO. 


MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT 
CLASSIFICATION  : 
HEIGHT  TO  DIAMETER 


155  pcf. 
151  pcf. 

2  % 
Clays  tone 
RATIO:  2.09 


mm . 


TTTT 


U75     "0  75     U76      0T7  DTS~ 
VERTICAL  STRAIN,  PERCENT 


RED  LODGE /BEARCREEK  SUBSIDENCE  STUDY 
RED  LODGE,  MONTANA 
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JOB  NO.  87-3001. D  PLATE  NO.  4 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH-3 
DEPTH  414.0I-414.7' 
SAMPLE  NO. 


MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT. 
CLASSIFICATION  : 
HEIGHT  TO  DIAMETER 


145  pcf. 
138  pcf. 

5  % 
Sands  tone 
RATIO:  2.06 
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0.2  0.3 


Vertical  sHihM  RCENT 


RED  LODGE/ BEARCREEK  SUBSIDENCE  STUDY 
RED  LODGE,  MONTANA 


STATE  OF  MONTANA  DEPARTMENT  OF  STATE  LANDS 

ABANDONED  MINE  RECLAMATION  BUREAU 

HELENA.  MONTANA  


Northern 

Engineering 
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JOB  NO.   87-3001. D  PLATE  NO . 5 


UNCONFINED  COMPRESSION  TEST 


DRILL  HOLE  DH_3 
DEPTH  441.2,-442.0' 
SAMPLE  NO. 
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MOIST    UNIT  WEIGHT 
DRY  UNIT  WEIGHT 
MOISTURE  CONTENT 
CLASSIFICATION  : 
HEIGHT  TO  DIAMETER 


154  pcf. 
151  pcf. 

2  % 

Sandstone 
RATIO:  1.97 


RATE  OF  STRAIN:  0.13%/min. 
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RED  LODGE/BEARCREEK  SUBSIDENCE  STUDY 
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STATE  OF  MONTANA  DEPARTMENT  OF  STATE  LANDS 
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JOB  NO.    98-3001 .D  PLATE  NO. 
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LOG  OF  EXPLORATION  BORING 

job  no.     87-3001. D 


HOLE  NO.  DH-1 
SHEET  _ 


1 


OF 


DRILL    TYPE:  SOIL 

rock   Schramm  Rotadnll 


CLIENT 


State  of  Montana     AMR  Program 


SIZE,  TYPE   OF  BIT 


3"  Core 

7-7/8  &  6-1/4  Tricone 


PROJECT 


Red  Lodge/Bearcreed     Subsidence  Study 


casing:  size  8-5/8" 


LENGTH  108' 


LOCATION 


TOTAL    NO.   OF    OVERBURDEN     SAMPLES  TAKEN 


Red  Lodge  Airport 


Disturbed 


Undisturbed 


ELEVATION:   tqp  OF  HOLE 


GROUNDWATER 


TOTAL  NO. 

CORE    BOXES  5 

TOTAL    CORE  RECOVERY 

FOR    BORING  (%)  77 

Not  Determined  118' 

THICKNESS  OF  OVER- 
BURDEN, FT.  91.0 

DEPTH  DRILLED  IN- 
TO ROCK,  FT.  134 

TOTAL  DEPTH  OF 
HOLE,  FT  225 

REMARKS 

STARTED 


7-20-87 


COMPLETED 


DRILLED  BY 


B.  Kupfner 


7-23-87 


LOGGED  BY 


R.  Dombrouski 


%  CORE 
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ERY 


CLASSIFICATION  OF  MATERIALS 
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R.Q.D. 


DEPTH,  FEET 


BLOWS/ FOOT 


FILL;  Mine  Spoils 


Poorly  Graded  GRAVEL  with  Cobbles 
and  Boulders;    very  dense,  rounded 
to  subrounded,  difficult  penetration, 
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NET  122D 


,nRKin     87-3001 .  D 


LOG  OF  EXPLORATION  BORING 

HOLE  NO.  DH-1  


SHEET 


OF_3_ 


CLASSIFICATION  OF  MATERIALS 


%  CORE 
RECOV- 
ERY 


ROD 


DEPTH, FEET 


GEOMECHANICAL 


80- 


91 
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.Off 


129_ 
134 


Poorly  Graded  GRAVEL  with  Cobbles 
and  Boulders. 


Lean  CLAY;  very  stiff,  brown, 
decomposed  claystone. 

SANDSTONE;  gray,  very  fine  grained, 
moderately  hard  to  hard  rock. 


CLAYSTONE;  light  to  dark  gray,  soft 
to  moderately  hard  rock,  inter- 
bedded  with  thin  sandstone  seams. 


GWL  (7-23-87) 


Becoming  broken  with  thin  coal  and 
— |       carbonaceous  seams  below  117  feet. 


1 


146.  T 
15 
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COAL  No.  1-1/2  Seam,  highly  fractured. 


SANDSTONE;  gray,  very  fine  grained, 
moderately  hard  to  hard  rock. 


-  CLAYSTONE;  dark  gray. 


SANDSTONE;  light  gray,  very  fine 
grained,  argillaceous,  moderately 
hard  rock. 
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JOB  NO     87-3001 . D 


LOG  OF  EXPLORATION  BORING 
HOLE  NO.      DH-  1  


SHEET      3  OF  3 


/W/y                       CLASSIFICATION  OF  MATERIALS 

%  CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

190— 

200  ~ 
205  ~ 

216 
225  ~~ 

'< 

<U 

V 

SANDSTONE;    light  gray,  very  fine 
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hard  rock. 
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CLAYST0NE;    Mine  Floor 
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LOG  OF  EXPLORATION  BORING 

job  mo.  87-3001.  D 


HOLE    NO.      DH   -  2 
SHEET   1_  OF   4 


drill  type:  soil      Bucyrus  Erie 

ROCK 


CLIENT 


State  of  Montana       AMR  Program 


SIZE,  TYPE   OF  BIT 


3"  Core,  7-7/8 Tricone 


PROJECT 


Red  Lodge/Bearcreek 


CASING:  size  8-5/8 


LENGTH 


75' 


location    East  Bench 


TOTAL    NO.   OF    OVERBURDEN     SAMPLES  TAKEN 

8'  North  of  section  corner  7,26,4,35 

Disturbed                           |  Undisturbed 

ELEVATION:   top  OF  HOLE  GROUNDWATER 

Approximately  5835  27.3 

TOTAL  NO. 

CORE    BOXES  8 

TOTAL    CORE  RECOVERY 

FOR    BORING  (%)  97 

THICKNESS  OF  OVER- 
BURDEN, FT.  21.0 

DEPTH  DRILLED  IN- 
TO ROCK,  FT.  349 

TOTAL  DEPTH  OF 
HOLE, FT  370' 

REMARKS 

STARTED  8-10-87 


COMPLETED 


8-19-87 


drilled  by  Rock  Creek  Drilling  (B.  Kupfner! 
logged  by    R.  Dombrouski 


%  CORE 
RECOV- 
ERY 


CLASSIFICATION  OF  MATERIALS 
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Lean  CLAY;    firm,  moist  to  wet, 
occasional  sand  seams. 


GWL  (8-19-87) 


—   CLAYST0NE;    light  gray  to  light  brown, 
soft  rock,  thinly  laminated, 
carbonaceous  seams. 
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LOG  OF  EXPLORATION  BORING 

job  no.     87-3001  .  D  hole  no.    DH-2  sheet       2        0F  __4 


CLASSIFICATION  OF  MATERIALS 


%  CORE 
RECOV- 
ERY 
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DEPTH, FEET 


BLOWS/FOOT 
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CLAYSTONE 


SANDSTONE;    Gray,  very  fine  grained, 
soft  rock,  argillaceous. 


CLAYSTONE;    Dark  gray,  thinly  bedded, 
soft  rock. 


SANDSTONE;    Gray,  very  fine  grained, 
soft  rock,  argillaceous. 


CLAYSTONE;    Dark  gray,  thinly  bedded, 
soft  rock,  thin  carbonaceous  layers, 


SANDSTONE;    Light  gray,  soft  rock. 


— CLAYSTONE;    Dark  gray,  soft  to 

—      moderately  hard  rock, thinly  laminated 
~_\      occassional  coal  and  carbonaceous 
  seams  _ 
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CLAYSTONE;    Dark  gray,  soft  to 
moderately  hard  rock,  thinly 
laminated,  occassional  coal  and 
carbonaceous  seams. 
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LOG  OF  EXPLORATION  BORING 

job  no.  87-3001. D 


HOLE  NO. 
SHEET   


DH-3 


OF 


DRILL    TYPE:  SOIL 
ROCK 


Schramm  Rotadrill 


CLIENT 


State  nf  Montana 


Program 


SIZE,  TYPE   OF  BIT 


7-7/8",  6-1/4"  &  3"  Core 

THrnnPS  10-5/8"  


PROJECT 


Red  Lodge/Bearcreek 


casing:  size  8-6/8' 


LENGTH 


110' 


TOTAL    NO.   OF    OVERBURDEN     SAMPLES  TAKEN 


location  On  14th  Street,  170'  West  of  Main 
 Street,  10'  South  of  North  Curb 


Disturbed 


Undisturbed 


TOTAL  NO. 
CORE  BOXES 


TOTAL  CORE  RECOVERY 
FOR    BORING  (%)  76 


ELEVATION:  top  OF  HOLE 

Not  Determined 


GROUNDWATER 

27 


REMARKS 


THICKNESS  OF  OVER- 
BURDEN, FT.  108' 

DEPTH  DRILLED  IN- 
TO ROCK, FT.  342  .  5 

TOTAL  DEPTH  OF 
HOLE, FT  450.5 

STARTED  /-23-8/ 

COMPLETED     7-31 -R7 

drilled  by      R0Ck  Creek  Drillina 

LOGGED  BY 


%  CORE 
RECOV- 
ERY 


R.  Dombrouski 


CLASSIFICATION  OF  MATERIALS 


R.Q.D. 


DEPTH,  FEET 


BLOWS/ FOOT 


27 


a> 


0A  o 


80 


FILL;    Silty  Sand 


GWL  (7-31-87) 


Poorly  Graded  GRAVEL  with  cobbles 
boulders;  very  dense,  rounded 
subrounded,  difficult  penetrat 


and 
to 
ion . 


(continupd. 


NET  122D 


LOG  OF  EXPLORATION  BORING 

JOB  NO.        87-3001  .D  HOLE  NO  DH-3  SHEET        2         0F  I 


/<8  k    S&S                     CLASSIFICATION  OF  MATERIALS 

%CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

80  

100 — 
108  - 

120  

— 

140  

160  

80  

o  (■ 

<v 

4  <J 
'J 

o 

o<" 
.... 



Poorly  Graded  GRAVEL  with  cobbles  and  — 
boulders;  very  dense,  rounded  to 
subrounded,  difficult  penetration.  — 



SANDSTONE;    Gray,  very  fine  grained,  — 
moderately  wel 1  cemented, 
argi 1 laceous. 

NET  122E 


LOG  OF  EXPLORATION  BORING 

;nR  Kin     87-3001 .  D   hole  no        DH-3  sheet        3        nr  5 


CLASSIFICATION  OF  MATERIALS 


%  CORE 
RECOV- 
ERY 


ROD 


DEPTH, FEET 


GEOMECHANICAL 


T9 


200 — 
205 


220 — 


SANDSTONE;    Gray,  very  fine  grained, 
moderately  well  cemented, 
argi 1 1 aceous . 


-    CLAYST0NE;    dark  gray,  sandy, 

moderately  hard  rock,  laminated, 
becoming  light  gray  and  more 
sandy  below  212  feet  with  some 
carbon  detritus. 


I 

237  '  mm 


COAL;    Highly  fractured 


_"7j  CLAYST0NE;    Dark  gray,  carbonaceous, 
soft  at  contact,  thinly  laminated. 


245 


268- 


280 


300 


SANDSTONE;    Light  gray,  very  fine 
grained,  argillaceous. 


(continued 


95 


89 


69 


210-230 


230-241 


SSCONTNItES 


TYPE  DP 


Bd 


all  broaks  drilling  ir.ducee 


Broken  Rock 


NET  122E 


LOG  OF  EXPLORATION  BORING 

JOB  NO.     87-3001  .  D  HOLE  no.       DH-3  sheet         4       OF  _5 


W/                    CLASSIFICATION  OF  MATERIALS 

%  CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

300 — 
326 — 

— 



340— 

... 

— 

.... 

SANDSTONE;    Light  gray,  very  fine 
grained,  argillaceous. 

360 — 

380— 





400 — 

(continued   ) 

NET  122E 


JOB  NO. 


87-3001 . D 


LOG  OF  EXPLORATION  BORING 

HOLE  NO.  OH-3 


SHEET 


CLASSIFICATION  OF  MATERIALS 


no 


120 


435  -L 
437 


444  _. 


450^4. 


SANDSTONE:    Light  gray,  very  fine 
grained,  argillaceous,  with  thin 
coal  and  claystone  seams. 


CLAYSTONE;    Dark  gray,  soft  rock, 
thinly  laminated,  coal  seams, 
si ickensides ,  thin  broken  zones. 


MISSING  -  Lost  core 

SANDSTONE;    Gray,  fine  grained,  thin 
claystone  seams. 

CLAYSTONE:    Gray,  laminated,  sandy 
1 ayers . 


Bottom  of  Hole 


%  CORE 
RECOV- 
ERY 


99 


80 


100 


ROD 


86 


15 


51 


DEPTH, FEET 


410-429 


429-443 


443-450.5 


GEOMECHANICAL 


&5 


BroKon  Rock  to  *\j 
SW 

sw 

SW 

MW 

MW 
MW 

F 
F 


NET  122E 


2 


Northern 

Engineering 
and  Testing.  Inc. 


LOG  OF  EXPLORATION  BORING 

job  no     87-3001 . D 


HOLE  NO. 
SHEET   


DH-5 


1 


OF 


DRILL    TYPE:  SOIL 
ROCK 


Bucyrus  Erie 


CLIENT 


State  of  Montana       AMR  Program 


SIZE,  TYPE   OF  BIT 


7-7/8"  Tricone 


PROJECT 


Red  Lodge/Bearcreek 


CASING:  SIZE 


LENGTH 


57.5' 


LOCATION 


TOTAL    NO    OF    OVERBURDEN     SAMPLES  TAKEN 

North  Side  Highway  308 

Disturbed                              |  Undisturbed 

ELEVATION:   top  OF  HOLE  GROUNDWATER 

4979*  18.0' 

TOTAL  NO. 
CORE  BOXES 

TOTAL    CORE  RECOVERY 

FOR    BORING  (%)  ' 

THICKNESS  OF  OVER- 
BURDEN, FT.  47.0' 

DEPTH  DRILLED  IN- 
TO ROCK, FT.  204.  0 

TOTAL  DEPTH  OF 
HOLE, FT.  251.0 

REMARKS 

STARTED 


7-14-87      | completed  7-16-87 


*Elevation  interpolated  from 
topographic  map. 


drilled  by      b.  Kupfner 


LOGGED  by 


R.  Dombrouski 


CLASSIFICATION  OF  MATERIALS 


%  CORE 
RECOV- 
ERY 


R.Q.D. 


DEPTH,  FEET 


BLOWS/ FOOT 


o.: 


18 


45 
47 


60 


80 


T0PS0IL 


E 


1^-  GWL  (7-16-87) 


Lean  CLAY;    Stiff,  moist  to  saturated, 
dark  brown. 


Clayey  GRAVEL 


CLAYST0NE;  Dark  gray,  soft  rock, 
thinly  bedded,  occasional  thin 
sandstone  and  coal  layers. 


(continued. 


NET  122D 


LOG  OF  EXPLORATION  BORING 

■ior  no     87-3001.  D  hole  no.       DH-5  sheet         2     nF  __3 


4?/ 

KKr                     CLASSIFICATION  OF  MATERIALS 

CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

80  

CLAYST0NE;  dark  gray,  soft  rock, 
thinly  bedded,  occasional  thin 
sandstone  and  coal  layers. 

o  o 

MUM 

-  — 

■ 

— 

SANDSTONE;    Dark  gray,  fine  grained, 
moderately  cemented,  argillaceous. 

— 

140— 

•    CLAYST0NE;    Dark  gray,  soft  to 
moderately  hard  rock,  thinly 
laminated,  occasional  thin 
sandstone  seams. 

— 

155  ~ 

169— 

SANDSTONE;    Dark  gray,  fine  grained, 
moderately  cemented,  argillaceous. 

169  ~ 

■  ■ 

180- 

CLAYST0NE;    Dark  gray,  moderately 
hard  to  hard  rock,  numberous  thin 
sandstone  and  coal  layers. 

I 

(continued  ) 

NET  122E 


LOG  OF  EXPLORATION  BORING 

.inRNn      87-3001.  D  hole  no  DH~5  sheet  __J!  of  3 


/&/                   CLASSIFICATION  OF  MATERIALS 

%  CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

19G — 

— 

200 — 



CLAYSTONE  ;    Dark  gray,  moderately 
hard  to  hard  rock,  numerous  thin 
sandstone  and  coal  layers. 

— 

— 

220 — 

— 

E 

— 
— 

237  ~ 

_ . 

I 

COAL 

— 

245  ~ 
25  T~Z 



SANDSTONE;    Dark  gray,  fine  grained, 
argillaceous,  moderately  cemented. 

Bottom  of  Hole 

- 

NET  122E 


Northern 

Engineering 
ond  Testing.  Inc. 


LOG  OF  EXPLORATION  BORING 

job  no  87-3001. D 


HOLE  NO.  _ 
SHEET   1 


DH-6 


OF 


DRILL  TYPE: 


SOIL 
ROCK 


Schramm  Ai  r  Dri  1 1 


CLIENT 


State  of  Montana  AMR  Program 


SIZE,  TYPE   OF  BIT 

PROJECT 

7- 

7/8  Tricone 

Red  Lodqe/Bearcreek 

CASING:  SIZE  7" 

LENGTH  46.7' 

location    Washoe  Mine 

TOTAL    NO    OF    OVERBURDEN     SAMPLES  TAKEN 

Highway  308  South  of  4-Mile 

Marker 

Disturbed 

|  Undisturbed 

ELEVATION:   TOP  OF 

HOLE  GROUNDWATER 

TOTAL  NO 

TOTAL    CORE  RECOVERY 

Not  Determined  19 

CORE  BOXES 

FOR    BORING  (%) 

THICKNESS  OF  OVER- 

DEPTH DRILLED  IN- 

TOTAL DEPTH  OF 

REMARKS 

BURDEN,  FT  38' 

TO  ROCK, FT.  228 

HOLE, FT  226 

STARTED    7/16/87  [COMPLETED  7/16/87 


drilled  by     Bill  Kupfner 


LOGGED  BY 


%  CORE 
RECOV- 
ERY 


R.  Dombrouski 


CLASSIFICATION  OF  MATERIALS 


R.Q.D 


DEPTH,  FEET 


BLOWS/ FOOT 


0.T 


19 


31 


38 


55 


T0PS0IL 

Lean  CLAY;  stiff,  moist  to  saturated, 
dark  gray. 


GWL  (7/16/87) 


Poorly  Graded  GRAVEL  with  Clay;  dense, 
saturated. 


CLAYSTONE;  dark  gray,  modeately  hard 
rock,  laminated,  occasional  sand- 
stone layers. 


.  SANDSTONE;  gray,  hard  rock,  well 
cemented,  very  fine  grained, 
argi 1 laceous. 


(continued 


NET  122D 


LOG  OF  EXPLORATION  BORING 

■inHNn      87-3001.  D  HOLE  NO.  P_hLi6   sheet  2  OF  A 


<&/                  CLASSIFICATION  OF  MATERIALS 

°o  CORE 
RECOV- 
ERY 

ROD 

DEPTH. FEET 

BLOWS/FOOT 

SANDSTONE;  gray,  hard  rock,  well 
cemented,  very  fine  grained, 
argillaceous. 

100  

120  



... 



— 

— 

144  - 

1 

— 

[  COAL 

SANDSTONE 

151 
154  - 

■ 

COAL 

160 — 

.... 



SANDSTONE;  light  gray,  moderately 
hard  rock,  well  cemented,  fine 
grained,  occasional  claystone 
and  coal  layers. 

180 — 

(continued   ) 

NET  122E 


LOG  OF  EXPLORATION  BORING 

jnfl  nn     87-3001. D  hole  no.       DH-6  sheet       3        nr  3 


CLASSIFICATION  OF  MATERIALS 

°  o  CORE 
RECOV- 
ERY 

ROD 

DEPTH, FEET 

BLOWS/FOOT 

190— 

—  - 
— 

CLAYST0NE;  gray,  moderately  hard 
rock,  thinly  laminated,  some 
carbon  detritus. 



215  Z 

— 



— 



SANDSTONE;  light  gray,  moderately 
hard  rock,  well  cemented. 

— 

230— 

M 

COAL 

— 

c  Jo 

— 

SANDSTONE;  gray,  moderately  well 
cemented,  argillaceous. 

— 

— 

260 — 



266  - 

Bottom  of  Ho le 

— 

NET  122E 


Northern 

Engineering 
and  Testing.  Inc. 


LOG  OF  EXPLORATION  BORING 

job  no  87-3001. D 


hole  no.DH-7,7A,7B 

SHEET       1  OF   1 


DRILL    TYPE:  SOIL 

rock   Schramm  Air  Drill 


CLIENT 

State  of  Montana    AMR  Program 


SIZE,  TYPE   OF  BIT 


6-1/4"  Tricone 


PROJECT 

Red  Lodqe/Bearcreek 


CASING:  SIZE 


7" 


LENGTH 


7' 


TOTAL    NO    OF    OVERBURDEN     SAMPLES  TAKEN 


location    Smith  Mine;  Mapped  Entry  west  of 


Disturbed 

|  Undisturbed 

ELEVATION:   top  OF 

HOLE  GROUNDWATER 

TOTAL  NO 

TOTAL    CORE  RECOVERY 

Not  Encountered 

CORE    BOXES  N/A 

FOR    BORING  (%)  N/A 

THICKNESS  OF  OVER- 

DEPTH DRILLED  IN- 

TOTAL DEPTH  OF 

REMARKS 

BURDEN,  FT. 

TO  ROCK, FT 

HOLE,  FT 

STARTED  7/17/87 

|  COMPLETED 

7/17/87 

DRILLED   BY  Paul 

LOGGED  BY 


R.  Dombrouski 


CLASSIFICATION  OF  MATERIALS 


%  CORE 
RECOV- 
ERY 


R.Q.D. 


DEPTH,  FEET 


BLOWS/ FOOT 


0.5" 


16 


22  - 


39 


T0PS0IL 

FILL;  Lean  Clay;  firm  to  stiff, 
moist,  claystone  fragments,  brown. 


COAL 


SANDSTONE;  light  gray,  hard  rock, 
very  fine  grained. 


Bottom  of  Hole 


NET  122D 


Northern 

Engineering 
on<3  Testing,  inc. 


LOG  OF  EXPLORATION  BORING 

job  no    87-3001. D 


HOLE  NO. 
SHEET   1 


DH-8 


OF  1 


DRILL  TYPE: 


SOIL 
ROCK 


Schramm  Rotadrill 


CLIENT 

State  of  Montana    AMR*  Program 


SIZE,  TYPE   OF  BIT 

 6-1/4"  Tricone 


PROJECT 

Red  Lodqe/Bearcreek 


CASING:  SIZE 


LENGTH 


7' 


TOTAL  NO 

OF    OVERBURDEN     SAMPLES  TAKEN 

Disturbed 

|  Undisturbed 

TOTAL  NO 

TOTAL    CORE  RECOVERY 

CORE  BOXES 

FOR    BORING  (%) 

location  south  Highway  308;  Unmapped  Smith 
Mine  Adit;  E  of  Entry  into  Red  I  ndgp  r.nal  Po 


ELEVATION:    top  OF  HOLE 

Not  Determined 


REMARKS 


GROUNDWATER 

52 


THICKNESS  OF  OVER- 

DEPTH DRILLED  IN- 

TOTAL DEPTH  OF 

BURDEN,  FT. 

TO  ROCK,  FT. 

HOLE, FT 

STARTED  7/17/87 

|  COMPLETED 

7/17/87 

drilled  by     R.  Dombrouski 

logged  by     R.  Dombrouski 


%  CORE 
RECOV- 
ERY 


CLASSIFICATION  OF  MATERIALS 


RQ.D 


DEPTH,  FEET 


BLOWS/  FOOT 


2.0 


20- 


40- 


52 


62 


Lean  CLAY 


CLAYST0NE;  brown  to  gray,  soft  rock, 
weakly  cemented. 


Jt    GWL  (7/17/87) 


68.5 
70 — 


I 


COAL 


~  CLAYSTONE 


Bottom  of  Hole 


NET  122D 


Northern 

Engineering 
and  Testing.  Inc. 


LOG  OF  EXPLORATION  BORING 

job  no  87-3001. D 


HOLE  NO.  DH-9 
SHEET 


1 


OF 


DRILL    TYPE:  SOIL 

 rock     Bucyrus  Erie 


CLIENT 

State  of  Montana 


AMR  'Program 


SIZE,  TYPE   OF  BIT 


6-1/4"  Tricone 


PROJECT 

Smith  Mine 


casing:  size 


7" 


LENGTH 


10' 


TOTAL  NO 

OF    OVERBURDEN     SAMPLES  TAKEN 

0 

Disturbed  0 

]  Undisturbed  0 

TOTAL  NO 

TOTAL    CORE  RECOVERY 

CORE  BOXES 

FOR    BORING  (%) 

location  South  Highway,  16'  east  of  DH-8  87" 
inclination  void  13.5'  east  of  DH-8 


ELEVATION:    top  OF  HOLE 

Not  Determined 


GROUNDWATER 

50   


REMARKS 


THICKNESS  OF  OVER- 

DEPTH DRILLED  IN- 

TOTAL DEPTH 

OF 

BURDEN,  FT.  26 

TO  ROCK, FT.  44  .  0 

HOLE, FT  70 

.0 

STARTED  U/U4/8/ 

|  COMPLETED 

8/04/87 

drilled  by     B.  Kupfner 

logged  by      R.  Dombrouski 


%  CORE 

recov- 

ERY 


CLASSIFICATION  OF  MATERIALS 


ROD 


DEPTH,  FEET 


BLOWS/ FOOT 


50- 


54 

57.8 


66.5 


Lean  CLAY 


CLAYST0NE;  light  brown  to  dark  gray, 
very  soft  rock  to  26  feet,  then 
moderately  hard,  moderately 
cemented. 


K    GUI  (8/04/87) 
SANDSTONE;  gray,  hard  rock 


VOID 


Bottom  of  Hole 


NET  122D 


APPENDIX  B 


Northern 

Engineering 
and  TesMng.  Inc. 

PROJECT  ~P.~  U  J-,.-  /  fc^AJ  ■ 
PURPOSE       "F-i.  '--I. 


STANDARD  COMPUTATION  SHEET 


JIB 


CHECKED  BY. 


COMPUTED  RY   


JOB  NO  D-g 
SHEET         I  OF  j_ 

DATE  S-^-ftY- 


tir  ^ 


ar«  lis  i-m- 


C  a  rv;  fi>  "'1— 


r-  /SB  w/V 
<c.*><         .  ; 


/.  Uirt    rcicrv«Uri    £Vi-Jt..Ui^  --oJjl.-.„w  . 


t  

  jLj=aa 

Northern 

Engineering 
and  testing.  Inc. 


STANDARD  COMPUTATION  SHEET 


PROJECT 
PURPOSE 


JOB  NO . 


SHEET  OF  H_ 


COMPUTED  BY. 


CHECKED  BY. 


DATE 


Vf  .r»\  r>\ * 


ft         C.-.  >J^i.-..£_    li<r.<-w.-   •      T  tint 


-i^i.zJc.        aVrej-oHv     3<2<3  pit 


I 


/6  s) 


/ 1 

$  Xtt  f/.-  *)' 

«?H  /  'J  ■ 


/    -JS-.oU         si  ».X  or 


7/  »  JK$  Icm/M*  *  /£>  Jos  'Vfv3   t  7  'jSAH'jtl*  '  I  -  pais 


IT: 


J..\l 

i.jj 
/3 


<56  ,  £62 


C3 


1'       ri      stilppn.lO.      flO'J'C'n       fJC-l<1<~}     6  1 
0/-e.'t'       Ut-I;'---       t>  i    S  i     f1*-     C_o/»-i>e//  '■'«  beefy. 
•Tt      j)lA'<l4      Aitor;  L<       •«•«!   flul.S  S"(*»  A  tr.UL.   c»^:C      sU1-'  "D-Cj 


La    NOrthem  STANDARD  COMPUTATION  SHEET 

Engineering 
and  Tesllng.  Inc. 

PROJECT   JOB  NO  . 


&  H 

PURPOSE   SHEET        Z.  OF  


COMPUTED  BY   CHECKED  BY   DATE   

1   - 


■■    91  •  ihC    r  io'  •  /f5    +■  7'-  *    /&  • /'.'c       ■     /  7 '  £.15   IU  /  icoall'  Lr«,^ 


{t.nisir/c*    .      i.rJ|.  j  J  L4  i  L      _  ;  .  ■ 

r c      zee  ps«    /««  iv,.:'.>  J-,,,i       -f.i  _ 

7J  b*<M*. 


7""«»  Y**  1     >r <      „,•<»». .in  .» 

1  f 

-•"T-.i,.      ..  ■  c 

<»  --    /«D  •  !_'•/■    «?2?<f  /c#if'/JL. 

<*Wr    »    .^.P-i-iiiA1    =  '^/W"       *f     '3-1  P  =  : 

/3-/ 


Northern 


Engineering 
and  Testing.  Inc 


STANDARD  COMPUTATION  SHEET 


PROJECT 


JOB  NO  . 


SHEET 


purpose       ■  A  ■        h  -  ^'n  ^ \Cc'    '±L  £oosz°±L -/>"!• 

7m-      C.:/>  tpv-'&tt C     (-xtS-    i.K'-rt-^-  V /»  ' 
COMPUTED  BY   CHECKED  BY   DATS 


OF 


Tk,vH 


H ■-  nil 

5  H  r 

s>  -'</  fa)  " 


1*5  c0n,;.i„ 


a  5     si  r« 


bc^7    f6H.  U»*«U- 


4  =  2c  ° 

tm*  p-u*         n  etc 


<4 


/76/fl  faa) 


.-   mas   !L;  ^ 


9/H 


F5  - 


-  0,2: 


1 


f . 


1  nii'M'«vi       (&ff"£«4*f*4      V"ar3fC3  « 
pr«uc*v4"*     ft-  ,tc*r    0 1  belt    1  tl;     •      r<*«i/  "■ 


A3 


Of  Jm\*  » 


lij  LCQ5S  '  3SR3C3SEX  SJSSIDENCE  STUDY 
Roc*  Cji.aise  Ar*.ys:s 


rcc;ev  Descriotiors:  So.]  1/2  Sen  at  DN-l 
oct  5::?,  ft.=  Ec 


F.5. 

-.3. 

Ircivicua: 

Individual 

Coaaosite 

_aver 

iaver 

Layer 

Layer 

>.e::-.: 

"hickress 

£  Strength 

DBflection 

"errs:!? 

Tensile 

ocf 

as:  mi 

ft. 

ra:l;:re 

Failure 

SUKCSC3) 

'  i~ 

9i 

Z.i 

8DIV78! 

U38E*«» 

*  M 

:a 

i.t 

1  c-i 

7 

35? 

3.67E-e: 

11.8 

3.6 

ill 

IS 

*£+«  31? 

3. 75£-«5 

32.  <- 

A,  3 

1.7SE-*<- 

CE  5TUW 

== — 



Zollaose  G~a.ys:s 

■  Zsic: 

Ko.1       Sear  st  DH— 1 

~ 

:s. 

=  eS 

Individual 

-  c 

1  nti  ivicus ' 

Layer 

_aver 

_ayer' 

Laver- 

iteiaivt 

TJjicxness 

Define-;  it*. 

"ensile 

"ev.5  j  .9 

No. 

»                     QC  j 

ft. 

"a: lure 

~aiii,re 

S*tCC2C3 

c. tJE  ; : 

M 

I3IV/8! 

i.  ZEE-".** 

2<~ 

[g 

OIv/? 

0.? 

(0IV/0'! 

1.42E+W 

«  O 

7* 

7.5 

B.5 

L.53E+W 

13 

3."  lrIE-35 

it.- 

.::  JJDE  /  83»3C<E3  SUBSIOBUCE  STUDY 
Roo*  Col  lane  £"aiys:s 


ions 

Sear  a: 

DH-1 

F.S. 

P.  c_ 

InOivicusl 

Irciv::tial 

Coaoosite 

iaye- 

i_aver 

.aver 

■s  l 

Strengtf 

Deflection 

*5''51  IS 

~e~si'-3 

is  i 

osi 

ft. 

-ei'.xre 

Failure 

SUWC2C3) 

i.l 

•DIV/8 

1.32E+8*. 

:? 

8DIV/9! 

2.2 

iDIV/8! 

l.*2£fM 

7 

3:? 

:.%E-.7£ 

E.£ 

2.4 

1.53S+8*. 

18 

350 

1.9K-44 

14.4 

2.2 

1.78E+84 

IED  uDK  I  3£P=C-.EE-  5UBSIDSC  STUDY 
Roof  Coilaaee  f^sivsis 


zr:z-.:zT.i  te.  i  1/8  Sei':  a:  ttt-1 
ft,=  35 


F.S. 

=.3. 

Iraivibua: 

>iCi  vi- jai 

Corses: te 

-aver 

rets:le 

Layer 

_ave- 

Layer 

Strength 

Deflection 

"sr-s:le 

Te"s:'.= 

acr 

ft.  3Si 

:si 

ft. 

=aiiure 

Fai  1  u^*e 

KJWC2C3) 

r. 

0.0 

0DIV/0 

sa 

2.1 

i.42£*W 

7  4E-e5 

~CZ 

2.52E-;i 

3.5 

a.  3 

1.53E+W 

!*0 

13  &E*25 

253 

3. 52E-3* 

10.  £ 

I.73E-2" 

* 


S  .IDEE  /  DEPSCflEEK  SUBSIDENCE  STUDY 
Hoof  Cellaw  Pna.ysis 


rccle-  :e;r- :r::;r):  \o.  1  :/£  Sear;  a: 
con  Size,  ::.=  2J 


_avr* 

\2nit 
»a::-: 

-ays'- 

fit 

Tensile 
5      E  S::*e.i::i 
osi  as: 

Individual 

Laver 
Deflection 

:.S. 

Individual 
Layer 

Failure 

Fi  5. 

Layer 
Tensile 
Failure 

SUKE2C3* 

9: 

•BIV/I 

1.38E+W 

3 

id 

HHV/B! 

i.t 

tSIV/0! 

1.42E+8* 

3 

7 

4E45  175 

3. 67E-t2 

5.9 

1.53S+W 

4 

«« 

18 

4E^?3  175 

3.75E-85 

lfi.2 

S.  4 

1.7BE+M 

«E:  uGDSE  :  BEflSCEEK  SUBSIDENCE  STUDY 
^oc"  Ccllaase  P'a.ys:= 

r:===i:r:trr;r ====== ===:== ===========; 

■  Description:        \o. :  l/c  Sean  a:  DH-1 
ize.  Ft.=  25 


Unit 

Layer 

Thickness 
f. 

Imiivi^ai 
Tensile  Layer 
E       S'.rz'z'.-.  D»flee:io* 
csi        os:  ft. 

r.=. 

Iraiviiaal 
Layer 
~ers:'.3 
Failure 

E  C 

Cocoes: :e 
Laye- 
Te^siie 
Failure 

SlMC2C3> 

M 

SDIV/8! 

:?3 

12 

^.e 

mm  ■ 

l.^cE-c* 

isa 

7 

:73  9.45E-K 

3.5 

1.53E+B4 

141 

it 

*E*a5       175       5. 15E-25 

18.4 

1.6 

1.7iE*^ 

iED  _ir-3S  /  E£:;.I:rI-^  ij?E"E'vIE  STUDY 
Roof  Coiiaase  Analysis 


■OOlee  l£?cr::-:c*:  No. !  !/£  rear;  a:  Dh-1 
joe  Sus.  5i 


Individual 

Individual 

Layer 

Ter.s:  .e 

Laver 

^avc- 

Lave** 

Tnicftness  E 

Strmctft 

Deflection 

Teisil? 

r-e  - 

Fe:i'.re 

Failure 

Si 

i.  8K*8i 

#DIv/? 

l.32E*M 

•25 

#d:v/i? 

?'e 

H>IV/»! 

l.«E+W 

3 

7  4E*v'= 

175 

t.53Ei«4 

L 

IS  *E+8S 

175 

1.76E+M 

O  L2S35  /  cl^C'-il-  SUBSHSCE  STUDY 
icr'r  Collapse  ^ralysis 

"cz.9~  Dssr'i siior :        \c.  1  1/2  tea"?  at  D — l 


F.S. 

F.  5. 

Individual 

Irsivicuai 

Con3osite 

_ay?r 

Ters:  ie 

Lave- 

.aver 

i.ave- 

.ave- 

Thiol  'ess 

5r.-e'::- 

Tersils 

Te"Si:9 

No. 

as: 

Failure 

Failure 

M 

MJIV/Gi 

:.3cEt?" 

3 

115 

13 

mv/s! 

1.1 

7 

175 

3.  S3E-*E 

e.i 

!-> 

13 

<-l~l-z 

17: 

3.&E-M 

e.a 

1.75E-2* 

EZ  JBS=  /  BsARCflEEK  SfflSIDSCE  St'jDY 
Roof  Ic::a?se  f'olysis 


tc-jI't  Dssc-ic::;'.:  No.  1  1/2  Ss^r  at  BH 
toor  Sin,  ft.»  23 


L!nir 

Lsysr 
"■::C".'es=  : 
ft.  =si 

Tersiie 
Streiwlh 

35  i 

Individual 

.aver 
Deflection 

M 

F.5. 

Individual 
_aver 
Tensile 
caiiure 

F.S. 
Comosite 
Layer 
Tensile 
Failure 

SUHG2C3} 

143 

5l 

e.f 

#DIv72: 

1.32E+W 

; 

115 

:3 

IDlVTt! 

e.i 

WIV/»! 

i 

7  4E»#S 

£6 

3. e7E-i2 

a.c 

1.53£rW 

tki 

.3  *M5 

3. 75E-fl5 

8.1 

t.78E+W 

REE  LOOSE  /  BEB3CRSB  SUBSIDENCE  STUDY 
Soef  Iolia?«  Analysis 


"'**cble-  CcEcr:c7.cr:  No.  1  1/2  Eea'*  a:  DH-1 
hzr.  S\zs,  ':.=  E: 


-.5. 

-.5. 

Individual 

Individual 

Coaoosite 

•Jnit 

-sve- 

"ensile 

Laye- 

Layer 
Tensile 

-ave~ 

.aver 

r  Strength 

Ter-5jl» 

Sc. 

:s:        os: * 

ft. 

Failure 

Failure 

SUWG2D3} 

! 

B.WE+t 

i>.? 

<*DIv/8 

1.32E+W 

z 

IB 

•OlvVa- 

i.i 

H1WB! 

1.42E+G4 

152 

4E*if  98 

S.  «5E-fl3 

i.9 

e.i 

1.53E-2- 

1« 

in 

-E<-*3  33 

9.1E-95 

2.8 

1.78E-WW 

•12  _:::-e  /  :-e.;^::.ee-  -.ly.'A-.zi  study 

;:c*  Isiiarss  Analysis 


ca:er  I-ascr:r::;.-:         No.:  1/2  Sea's  at  >-: 


F.S. 

Individual 

Individual 

Boanosite 

Unit 

Laye- 

Laver 

Laye- 

Lays" 

Deflection 

rs:  :£? 

"ersiie 

ft.  as: 

cs: 

Failure 

Failure 

SUKC2C3J 

9! 

2,2 

IDIV/8! 

1.32E+C* 

i  US 

id 

BIV/9! 

1.0 

1.42E+W 

152 

7  -E-I: 

53 

1.9SM2 

1.3 

0.1 

1.53E*tt 

^  -M 

.3 

56 

1.9IE-W 

3.5 

2.5 

1.78E+M 

J20c  '  BEPTOEE1  SUBSIDSCE  S7UBV 
Roof  Col  loose  firaiy=-.£ 


oblea  Descri  jtion:  to.  J  1/2  Sear  at  RH 
:cn  =:;e,  -":.=  22 


-.3. 

F.S. 

indivicuai 

Incivicual 

Zc^csne 

-aye- 

~sre:;e 

^aver 

wavEi* 

_ave^ 

Strength 

Deflection 

"ensile 

"er.siie 

«j 

35 1 

cs: 

ft. 

"ail are 

cailure 

HMCSC3} 

i.i 

IDIV/8i 

L.32E+W 

:? 

i.i 

•  E"» 

7 

2E-?5 

25-"" 

7. 

ii.E 

:.522-?» 

1*3 

13 

iE-?5 

25; 

22.^ 

4.9 

:.7aE-24 

•V.  ■  EA«a=3<  SUBSIDENCE  5"-DV 

:: :•"  r:l'63se  faslvsis 


Descrimor.:         No.  •  ';/£  Sean:  a:  >-l 
i::s,  II 

-.5.  F.S. 

Individual  !r.civ:CL,al  Corrsosite 

Unit       Layer                Tensile       --aver  Layer  Layer 

.aver  as::v-   ri:cr<r?cs      E       Strength  jefleciio*!  "e'si'.e  Ters::e 

\c.      bct         ft.        ssi        ssi"         ft.  raiiure  Failure  BUWC2C3} 


'M  91  1.111*11  l.l  HJIV/Bi  I.32E+W 

|        155  8HV/«H  t.l  maW.  l.42E*» 

1        tSfl  7  3S8       1.55E-#2  H.a  3.6  L.53E+W 

4        IM  .5  t£+eS       III       L5K-«  38.4  4.5  1.78E+M 


RED  J5DG5  /  5UB5IBBCE  STUB* 

Roof  Collaase  0'£lv5js 


"CO- 
MM 

e-  Descriat 
=:;s.  r"t.= 

ion: 
'3 

Eea-.i  No. 

£  a:  DH— i 

-3V= 
NO. 

Unit 

OCT 

Layer 
Thickness 

Tensile 
as:* 

Individual 

Lever 
DBfieciion 
ft. 

s. 

Individual 
Layer 
Tensi  Is 
Failure 

F.  S. 

Coaposite 

"ensile 
Failure 

3 

i.i 

«DIv/C 

p 

a 

2 

be+m 

i 

•div/s 

0.0 

3 

63 

392 

1.74E-4G 

2c7.  S 

4 

32 

.* 

211 

7. »E-a6 

22.- 

Ki6.a 

ED  LANE  i  BBWHE3  3L66I0EMS  STUDY 
^co*  Collate  ^ra'.vs:? 


■cole"  Zesr-ioTiorr:  £ea~  No.  2  a:  D — 1 
>o*  5::s.  f:.-  £5 


L.Tlt 

Meiujtt 

3C* 

-ave*' 
T-,:c<r?5 
ft. 

csi 

~s's:ie 
Strenctl 
as: 

Incivic-ial 

Layer 
Deflection 
ft. 

F.  5. 

Indivieual 
.aver 
7e>*s:".9 
Failure 

F.E. 

Dogposite 
Layer 
Tensile 
Failure 

iei 

1 

hi 

#DIV/2; 

S3* 

,15 

9 

SOW t! 

1.1 

§DIV/« ' 

63 

3:* 

S89, 

74.4 

83 

ii 

4»*« 

3sa 

1.7SE-* 

19.* 

778.7 

-0D5E  /  KMCREEH  SUBSIDENCE  study 
tor  Ccllarss  S"alys:s 


-csle"  Descriotion:        Sea-i  to.  i  at  DSf-1 
Size,  Pt.=  2« 


Hbignt 

.aye- 
7n:c<r^ss 
ft. 

osi 

Iricivid'.a'. 
^aye- 

ft. 

Individual 
Laysv 
Ters: le 
Faille 

r.S. 

Layer 

Failure 

141 

161 

V 

e.c 

*DIV7«i 

63* 

X 

1 

=sDIV/?: 

B.a 

»IV/»! 

63 

IN 

4E*« 

35? 

B.82E-*E 

145.7 

El. 7 

33 

33/ 

3.S5E-& 

'  2. 5 

542.  a 

};D  L3DK  /  BEflOESK  SUBSIDENCE  STUDY 
hoc-  Zc'.'.&zzs  Analysis 

—  :7:---:T::;:  :  ::r:::::r:.::  : ::t::j.:  :  :::::  :  - 

Descrioticn:  \c  i  a:  -—. 

zs,  ft.=  11 


Onit 
ifeisnt 
ccf 

Layer 

ThiciRSSS 
»- 

StrBBoi.n 
psi 

inaivisual 
Layer 

ft. 

Individual 
Layer 

Failure 

Tosses:  :2 
L=yer 
Tersiie 
Failure 

101 

I 

i.i 

8DIV78 

S3" 

S5 

9M» 

■2 

H)!V/9! 

SDIV78! 

53 

108 

«E+«5 

1.74E-86 

3£7.5 

116.3 

S3 

5 

359 

i.  53£-24 

13.2 

5471. ; 

^ED  LOOSE  /  BEfliOEEK  ;.:-E::r'.:E  5TUDV 
Roof  Coliagse  Pra.vsis 


rOblea  jEscriri 
oor  5: re.  ft.= 

ion: 
20 

Sea-"  No. 

2  a:  DH- 

 = 





 . 

Unit 

_av?-  iteiont 
y?.  dc? 

Lever 
ft. 

ssi 

"s*s:ls 
Strength 
osi 

Indivicfuai 

Layer 
Deflection 
ft. 

-.S. 

Individual 
Layer 
=-s:'.e 

Failure 

-.5. 

Coaposite 
Layer 
"erisils 
Failure 

181 

9 

e.  WE+«a 

e.e 

S2UV/0! 

5  63 

25 

t 

tow/ai 

mwv. 

3  63 

ltt 

1.74E-06 

327.  S 

lib.  3 

A  63 

2 

350 

i.SK-83 

6.1 

6337.7 

RED  LDDBi  I  B:fliSi£E!<  E.JtlDEvCE  5'LDV 


Problea  Description:  Ssfi  No.  £  a:  Dtt-1 
fees  5::a.  ft.=  25 


F.E.  F.S. 
Individual   Individual  Coooosite 


_av=r 
No. 

Unit 

ft. 

l  i 
ssi 

Strength 

Layer 
Deflection 
ft. 

Failure 

Laver 
"s-sila 
railure 

t*i 

a 

0.88E+8 

:3 

S3 

S3 

re+w 

3 

62 

3M 

♦,25E-«fi 

ks.e 

74. « 

4 

82 

352 

1.7EE-Z2 

i.  s 

ED  -'III  i  BERRCSSBt  SUBSIDENCE  STUDY 
Roof  Coiiarse  nriaiys:? 


Descr  :  So,  t,  Sen  a:  Dh-3 
a.  £? 


Unit 

Layer 
ThicArass 

ssi 

Tsrsile 

Btfengtn 

Individual 

Layer 
Deflection 
ft. 

F.S. 
Individual 
Layer 
Tensile 
caiiure 

C.S. 

Conoosite 
Lave- 
Tertsiis 
ra:lure 

S3 

tern 

e 

i.  mm 

9.0 

ISIV/8! 

57 

358 

l.B5E-«S 

391.2 

113.6 

9 

601 

2.2BE-*5 

76.2 

354.: 

IDiV/t! 

fDIV/9! 

IDIV/i! 

:£j  JSSE  .  9EfiRCREE<  £„P£:iEvIE  5TUDV 
•ttcf  Collapse  fniysis 

rrcleT  De^m^ior:         No.  4  Seas  at  Z — 3 
boil  r::?.  ft.-  35 


-.3:;-.: 
ccf 

Lave- 

ThiCHRSS 

ft. 

»  E 

Str-ercfi 

asi" 

I'.civicuai 

Laye- 
Deflection 
ft. 

F.r. 

Iratvicaai 

"ensils 
Failure 

F.E. 

Coxtcsits 
Layer 
Tensile 
Failure 

M 

Km 

B.WE+W 

M 

37 

134 

35? 

i.32E-*E 

7;.- 

3. 5£E-<3 

45.7 

57E.i 

mm 

~.Z  _::3=  /'  BEARC4EEX  SLBSIDECE  SliDY 
■ice*  Collapse  P':alys:s 


3rc?le':  Des:r:;::or:  so.  4  Sear:  a:  Dri-3 
bea  Si:e.  rt.=  33 


Lave- 
Sc. 

Jri': 
we:  art 
per 

Laver 
^hickness 
ft. 

Ps: 

Tens:ls 
St  re  r- cm 

3S1* 

Incivi^jai 

Lave' 
Deflection 
ft. 

—  r 

hi  a» 
Individual 

T2'5ll2 

r ailure 

F.S. 

Cosaosite 
Layer 
Tensile 
Fail  jre 

:ii 

iMWfl 

9 

S7 

35? 

9.37Z-t£ 

133.5 

-  -  •  H 

J  L 

7E-i5 

ioi 

i.i5E-e« 

33. 5 

357.- 

ID1W/0! 

Roof  Zj'.'.ame  Mr-a.ys:s 


rcsle"  Descriation:  Mb.  A  Sea"  a:  DK-3 
|n  3::?.  Ai 


*>. 

Unit 
Unlit 

Lave- 

osi 

"ens . . E 

Strength 

OS  J 

Inehvioaai 

Lave" 
Deflection 
ft. 

C.S. 

Inciviojai 
Laye- 
"ensile 
Failure 

F.S. 

Co«:>cs::  = 
Laver 
"ensile 
Failure 

1 
4 

63 
d7 

LH 
:A 

Km 

-I-l: 
7E-;5 

t 

(M 

B.fleE*M 
2.S6E-4S 
3.64E-C'*- 

mm\ 

0.0 
75.2 
19.8 

wiv/ei 

#Div/e! 

28.4 
223.5 

*oiv/e 

■i:       ■  BEfWCREQ  e.:-£::e\:z  study 

^:of  Collasse  Mialvsis 


table*  :eser::::c :  No.  4  Seas  at  fr 
bcr  Si:?.  Ft.  =  11 


P.S.  F.S. 

Individual   Irseividual  Cosoosite 

.r.:t       _ave-                rers:'.e       Lave'-         _ayer  Laye>- 

Lays-   feiant   Thinness     E      Strength  Deflection    "ensile  Tensile 

\c.      ccf         ft.        35i        05:          ft.         ca:iu>"e  Fail  are 


l£v> 

i 

8.8 

*D!V/8 

37 

338 

t.asE-as 

331. E 

113.S 

2 

E88 

E.  EeE-;- 

76.  i 

BS4.i 

3SIW9! 

sow/a 

fiHV/8 

-e:         ee^eree*  z.ee::e.:e 

Rgot  Dallaon  Analysis 


••csLe'-  Dsscristioft:  No.  *  Sen  a:  0 — 3 
ha  =  :Z5,  *r.-  E2 


F.  S. 

F.  S. 

Iric:v.2'jai 

Inoiviayai 

Cosoosii 

_aver 

"ensile 

Layer- 

.aye:- 

Laye- 

.aver 

Unant 

Def lection 

7eri5i.s 

*2^'5  *  -  3 

"VC. 

3CT 

3S1 

*%C  * 

ca:iure 

Fai ; ire 

37 

163 

7E*» 

«C 

175 
GB) 

1.S5E-:; 

2.2BE-W 
»IV/I! 

Z.i 

l9B.fi 

76.  a 

iDlV/8! 

5c.  a 
954. ! 

Roof 

Zollanse  Analysis 

- 

nC  -  •  e* 

o    5 1 

-       : » 

F.5. 

Ir:civ!C'jai 

Incivicuai 

Coaoosite 

Unit 

Tensile 

Lave" 

Lave*- 

Lave" 

Teisi  ".3 

"o^ic  ;  j  a 

No. 

DCf 

2SI         cs i 

Fail  .re 

Failure 

188 

BE+88  0 

e.88E*N 

8.8 

*DIv7'3: 

57 

184 

381.2 

H3.£ 

248 

38.1 

447.  i 

*DIV/8! 

iDIV/8! 

ED  LflDGs  /  S£MC«B  SUBSIDENCE  STUDY 
-.ccJ  Collaose  o^lvsis 

5S    SS3SS    '      r      '  "i-T-zt.  iTiirij"  "i   ~.  Z-Z  :m  :r  ::  r  - ..       r:  r:  ^:  53SS  : :  : 

Description!        to.  h  Sear.:  a:  DH-3 

-.5.  F.S. 
Incivicuai   Individual  Cwoosite 


•hit 

T 

Layer 
Thicxrsss 

M 

B 

35 1 

"ensile 

3Si" 

Layer 
Defrecitor! 
ft. 

'-ayer 
7er<sile 
Failure 

LoVSl- 

Te^i'.e 
Failure 

a 

i.i 

37 

175 

l.&5£-?5 

150.6 

56. 8 

?? 

14 

7E*W 

38. 1 

447. ; 

*DIv/$! 

#DIV/ei 

O  LSDE  '  &€fl SCREEN  BU3SIDt*CE  STUDY 
3oof  .Dliaise  Pnalvsis 


•rosier  jese-:  —  ::':  Vc.  4  Sean  a:  Dh-S 
tew  ci:s.  r:.=  2i 


F.  S. 

Inaividual 

Unit 

■_ayer 

Tens:ie 

Layer 

Layer 

Layer 

Layer 

Thickness 

Ter-si  Le 

Ter:5il  = 

3S1 

B5X 

ft. 

Failure 

Failure 

8E-W 

1 

e.ME-40 

8.C 

E 

at 

175 

9. 37£-?5 

7E*M 

2.51E-48 

3.E. 

toiv/ei 

i?DIv/£'  ? 

Roof  Icllacse  A^aivsis 


toblee  Descnssior:         \o.  4  sea-  a:  D--3 


Layer 
Kb. 

Unit 

«r 

Lay* 
~"!:e-:r.?ss 

£* 

CS1 

Strength 
osi 

Individual 

Laye- 
Deflection 

=.S. 

i^iOiviCual 
uaye;- 
Terrsile 
Fa: 1 u^e 

F.S. 

CoMoosiie 
-aver 
Tens i . e 

0 

0. 80E+W 

0.0 

fDIV/3: 

3 

67 

104 

175 

9.37E-05 

65.9 

£5.E 

7 

90 

2 

mm 

5. 65E-02 

W*6. 5 

sDiv/a: 

#BIV/0: 

Scot  Zcl^acse  Pra'.vs.s 


ion:        No.  4  See?  a; 
33 


F.S. 

F.S. 

:nciv;3ua: 

Layer 

Laver 

Sim  stn 

Denection 

ps: 

cs: 

ft. 

Failure 

Failure 

:e-:  i 

0 

e.  ME««g 

#Div/a 

tc.  3 

25.2 

7Et«4 

2.  KE-fl . 

1.2 

saw.  5 

red       i  semcee*  =.:-e::f^e  study 

^icr  Coiiaase  Aralysis 


too'iee  Descriasion:  No.  *  £e?r!  a:  1—3 
icca  Size.  £t.^  33 


Layer 

Meicni 

Layer 
~-.:c<ness 

M 

as: 

Terisile 
Strength 

2S1 

Layer 
Deflection 
ft. 

~.  3. 

Individual 
Failure 

F.5. 

Cor:oosi:= 
Layer 
Tensile 
Failure 

62 

1  -  J* 

1 

B.88E-49 

8.0 

#DIV/«! 

i 

57 

124 

9.37E-85 

i33.5 

58.5 
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